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Jj, BACKGROUND OF THE INVENTION 

h 

b k 1 . Field of the Invention 

=: 

fi The present invention generally relates to a device for collecting and converting radiant energy to 
whatever useful type of energy. In particular, this invention relates to solar energy systems for 
generating heat and/or electricity using a line-focus sunlight concentrator and an elongated 
receiver. 

2. Description of Prior Art 

In the past radiant energy concentrating devices have been used in space and on Earth to generate 
heat and electrical current from a light source such as the sun. However, because of the costs 
associated with capturing the sunlight in a widely useful form, solar energy has not approached 
its potential for becoming an important source of power. In particular, it is expensive in terms of 
capital cost to convert solar energy into electricity, substantially based on the complex 
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manufacturing process involved in making efficient, high-precision solar concentrators with 
large apertures^ -— — 
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Systems are known for the generation of electrical power through the conversion of solar energy 
concentrated by a suitable refractor, such as a line-focus Fresnel lens, or a reflector, such as a 
parabolic trough system. 

An approach is known where Fresnel lenses are used to collect and focus sunlight onto a narrow- 
strip photovoltaic array. These lenses are typically made of transparent acrylic sheets or optically 
clear silicone rubber materials. Glass materials can also be employed to provide structural 
strength of the design. 



q Despite the obvious advantages of the Fresnel lens, such as operational convenience due to 

C3 forming the focal region on the concentrator's back side, this approach still has no less obvio 

fil 

gt shortcomings. 

!?y 

h k The refraction index of plastic materials is essentially limited thus restricting concentration 

power of line-focusing lenses. Prior art refractive lenses are generally bulky and fragile, 

||f complicating their manufacturing and use. The use of glass increases the weight, cost, and 

\J damage vulnerability of the lens. Furthermore, transparent refractive materials are known to 



degrade over time, due to interacting with chemicals and ultraviolet radiation. 

Parabolic trough concentrators having much more concentrating power are implemented, for 
example, in so-called SEGS plants (Solar Energy Generating Systems) in California. These prior 
art concentrators use parabolic cylinder mirrors made of silvered composite glass to focus 
sunlight onto tubular solar energy receivers. 



The parabolic troughs require extremely accurate continuous reflective surfaces of a very large 
aperture to achieve acceptably high concentration of the solar energy. Thus the prior art 
parabolic trough systems are expensive and heavy, due to the requirements of high optical 
accuracy. Continuous-surface parabolic mirrors are also not readily adaptable to provide a 
desired irradiance distribution for the receiver/absorber. 
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— In the past, a lot of efforts have been made to simplify the parabolic trough concentrators and — 
lower the costs for a solar power system. In particular, sheets of anodized aluminum and polymer 
films have been used for reflective surfaces of troughs. It has been a disadvantage, however, that 
these thinner mirrors do not have the self-supportive properties of composite glass and require 
sophisticated support structures to maintain their parabolic shape. 

Furthermore, it has been a general disadvantage of all conventional retroreflecting devices that 
operational convenience and use of larger absorbers/accessories or secondary concentrating 
optics disposed on the path of incoming energy are essentially limited due to unavoidable 
shadowing of the incident flux. 

In the past, various arrangements of reflective slat-like lenses for concentrating radiant energy 
have been tried. As disclosed in U.S. Pat. No. 5,982,562, issued Nov. 9, 1999, in one 
embodiment, the trough lens suitable for directing radiation can be formed by an array of 
reflectors arranged so that each reflector is a planar slat. These lenses, however, are 
unsatisfactory for high-performance energy collection since the individual planar slats are 
redirecting the energy without focusing so that the geometric concentration ratio produced by the 
lens is relatively low. 

At the time of writing, none of known one-stage reflective concentrators provides efficient 
sunlight concentration to a linear absorber disposed on the concentrator's backside. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the present invention, the prior art problems are solved by an apparatus for 
collecting and converting radiant energy comprising a plurality of incorporated in at least one 
array slat-like reflective surfaces extending between generally parallel front and rear opposing 
longitudinal ends and having generally concave transversal profiles, and an elongated energy 
receiving means disposed in energy receiving relation to each of said reflective surfaces. The 
reflective surfaces are designed and positioned to concentrate and direct the radiant energy 
toward a plurality of converging directions to form a common linear focal region on the energy 



receiving means based on the superposition of concentrated energy fluxes reflected from 

individual reflective surfaces.-The energy-receiving meansis used for receiving and converting 

the radiant energy to whatever useful type of energy. 

According to one aspect of the invention, in a preferred embodiment, there is provided an 
apparatus for collecting and converting radiant energy in which reflective surfaces are designed 
and positioned to minimize screening and shadowing on other reflective surfaces. 

According to another aspect of the invention there is provided an apparatus for collecting and 
converting radiant energy in which reflective surfaces have concave profiles represented by 
simple or compound segments of conical sections having parabolic, hyperbolic, circular, or 
elliptical shape. Furthermore, one or more reflective surfaces can be planar or have a profile 
represented by a set of straight lines approximating a curved shape. In addition, the profiles of 
reflective surfaces can be represented by segments of parametric curves or splines tailored to 
provide a desired illumination of the energy receiving means. 

According to further aspect of the invention there is provided an apparatus for collecting and 
converting sunlight to heat and/or electricity. The energy receiving means can be a fluid-carrying 
tubular absorber of solar heat collector, or a plurality of arranged in line photovoltaic solar cells 
for generating electricity, which may have a heat sink for heat extraction. The energy receiving 
means can be positioned so that its working area will be facing toward both the array of 
reflective surfaces and the source of radiant energy. The apparatus can further comprise at least 
one axle support for tracking the movement of the sun. 

According to a further aspect of the invention there is provided an apparatus for collecting and 
converting radiant energy in which the energy receiving means can be mechanically separated 
from the reflective surfaces. 

Moreover, according to an embodiment of the invention, there is provided an apparatus for 
collecting and converting radiant energy in which one or more reflective surfaces is disposed in 
any one of a translated, a reversed and/or a rotated orientation relative to the others having the 
same basic arrangement. 



OBJECTS AND ADVANTAGES OF THE INVENTION 

The present invention is believed to overcome the shortcomings of the previously known 
systems employing parabolic troughs and linear Fresnel lenses as primary concentrators. 

Accordingly, one of the key objects and advantages of this invention is to provide improved 
energy collection and conversion apparatus, said apparatus uniquely combining Fresnel lens-like 
operation and dramatically improved concentration power and adaptability as compared to prior 
art systems employing line-focus refractors and reflectors. 

Another object in accordance with the apparatus of the invention is to enhance concentration of 
radiant energy and conversion of said energy to whatever useful type of energy. The invention 
can be essentially useful and greatly superior over conventional devices for solar energy 
applications by providing an improved device for converting the sunlight to heat and/or 
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W electricity so that the cost for use of solar energy is reduced. 
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jjj Additional objects and advantages of the present invention will be apparent to persons skilled in 
* the art from a study of the following description and the accompanying drawings, which are 
hereby incorporated in and constitute a part of this specification. 



DRAWING FIGURES 

Fig. 1 is a perspective view of an apparatus for collecting and converting radiant energy in 
accordance with a preferred embodiment of the present invention; 

Fig. 2 A is a cross-sectional schematic view of a reflecting slat of the apparatus shown in Fig. 1; 
Fig. 2B is a schematic view of a segmented mirrored surface profile; 

Figs. 3 and 4 are schematic diagrams illustrating the energy collecting principles in accordance 
with an embodiment of the invention; 

Fig. 5 is a schematic general view of the energy collecting and converting apparatus comprising 
a tubular absorber. 
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Fig. 6 is a perspective view of a further embodiment of the energy collecting and converting 
apparatus; 

DETAILED DESCRIPTION OF THE INVENTION 

The embodiments of energy collecting systems selected for the purpose of illustrating the 
invention include a concentrator and a receiver. 



Fig. 1 shows in general an apparatus 12 for collecting and converting radiant energy according to 
a preferred embodiment. Apparatus 12 includes an energy concentrator 14 comprising a plurality 
of slat-like elongated concave reflective elements 16 having parallel longitudinal axes, and an 
elongated receiver 24 extending parallel to each reflective element 16. Elements 16 are 

K incorporated in two symmetric arrays where elements 16 are spaced apart and positioned 

O 

p adjacent to each other in a stepped arrangement, so that concentrator 14 has a linear, Venetian 
blind-like configuration. 

^ Elements 16 have mirrored surfaces 18 which receive radiant energy from an energy source 20 
and reflect that energy downward to receiver 24. Each reflective surface is extending between 
front and rear opposing longitudinal ends. For example, front and rear ends for two uttermost 
reflective surfaces 18 are respectively indicated as FE and RE in Fig. 1. Mirrored surfaces 18 are 
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w individually curved and arranged so that their ends facing receiver 24 are inclined towards one 
another to provide the reflection of incident energy from respective surfaces 18 to a plurality of 
convergent directions. Surfaces 18 are positioned so that the reflected and concentrated energy 
portions are focused and superimposed on one another to form a common focal region on a side 
of concentrator 14 generally opposite the side of energy source 20 and relatively remote from 
surfaces 18. Reflective elements should preferably be designed and positioned so as to minimize 
screening and shadowing on other elements for both incident and concentrated energy fluxes. 

Receiver 24 is disposed in the focal region cooperatively formed by surfaces 18 to intercept and 
convert the concentrated radiant energy to whatever useful type of energy. Receiver 24 should be 
adapted to absorb whatever type of energy apparatus 12 is used to collect and convert. For 
example, as shown in Fig. 1, when apparatus 12 is used to collect and convert solar energy, 



receiver 24 can be a an elongated photovoltaic solar panel for generating electricity, which may 
have a heat sink 1-7-for heat extraction. 

Fig. 2 A depicts a cross-sectional view of a reflecting element 16. Each of the reflective elements 
16 has a curved mirrored surface 1 8, which can be parabolic or circular in the cross section. 
Alternatively, mirrored surface 18 can have a profile which is a composite or combination of 
conjugate curved or planar segments. For example, Fig. 2B shows, a curved profile of mirrored 
surface 18 may be divided into two or more adjacent planar segments disposed at an angle to 
each other in which the planar segments approximate a curved line (indicated by a dashed line). 

Reflective elements 16 can easily be fabricated using a number of means and materials. For 
example, elements 16 can be made of metal through extrusion of a metal part, roll-forming from 
a sheet, slip rolling, pressing, moulding, machining, and electroforming, and then polished on the 
reflecting side to obtain the required specular reflectivity for mirrored surface 18. In an 
alternative example, plastic compound materials can be used for fabricating elements 16 and a 
foil or non-metal aluminized or silvered film, such as Mylar, Kapton or Lucite, can be used as a 
reflective material for mirrored surfaces 18. 

Reflective elements 16 can be mounted or secured to a frame in any suitable manner. For 
example, a frame may be provided which comprises bands 13 of metal, plastic, wood or other 
material extending transversely of the reflective element longitudinal axes at the element ends to 
support reflective elements 16 and receiver 24, as shown in Fig. 1. Suitable frame members (not 
shown) may interconnect the bands. Since elements 16 are separated, there are spaces for rain 
water to drain and which also improve the wind resistance of concentrator 14. Reflective 
elements 16 may be secured to bands 13 by individual brackets or slots 19 in bands 13 to 
facilitate possible replacement and/or adjustment of individual elements 16. 

Figs. 3 and 4 more fully illustrate operation of apparatus 12 as a solar collector. Only three 
adjacent elements 16 are shown in Fig. 3 for the purpose of clarity. However, it should be 
understood that apparatus 12 can incorporate any convenient number of reflective elements 16, 
limited only by the desired optical and dimensional parameters of concentrator 14. Referring to 
Fig. 3, sunlight 15 (represented by parallel dotted lines) strikes reflective elements 16 and is 



reflected by mirrored surfaces 18 to receiver 24, where concentrated beams formed by individual 

—reflective elements 16 are superimposed and absorbed by-receiver i24.As_shown.in Fig. J, 

reflective surfaces 18 are inclined by their rear ends RE towards one another, and rear ends RE 
are facing receiver 24 to insure lens-like operation. The individual slopes and curvatures for each 
mirrored surface 18 are selected so that reflective elements 16 form their concentrated energy 
beams centered relatively to each other on the active surface of receiver 24. 

Fig. 4 shows a concave profile of a single mirrored surface 18. A sunlight ray 30 strikes a point 
32 of surface 18. The slope of surface 18 at point 32 is such that ray 30 is reflected to a point 33 
of receiver 24. The concave profile of surface 18 has tangent 35 and normal 36 at point 32. It 
will be appreciated that angle a is the angle of incidence between ray 30 and normal 36. As a 
matter of optics, the angle of incidence a equals the angle of reflection. 

Accordingly, angle y, which is the angle between tangent 35 and direction to point 33 taken at 
point 32, equals 90° - a. It follows, then, as a matter of geometry, that angle p, which is the 
angle between the direction to the sun and direction to point 32 taken at point 33, equals 180° - 
2a. Angle P should preferably be less than 90° for all points of surfaces 18 to provide skew 
reflection and energy concentration below concentrator 14, as illustrated in Fig. 3. Angles a and 
y should thereby be in a relationships a > 45° and y < 45° in accordance with a preferred 
embodiment. 

According to a preferred embodiment, if apparatus 12 is used to collect and convert solar energy, 
it is typically oriented with its longitudinal axis in the East-West direction and can be made 
adjustable on a seasonal basis. As shown in Fig. 1, an axle support 25 mechanically connected to 
reflective elements 16 and receiver 24 can be provided to facilitate tracking of the sun, so that an 
optimum concentration of radiation is reflected on to receiver 24. 

Alternatively, the longitudinal axis of apparatus 12 can be oriented in the South-North direction 
and can be provided with East- West tracking at approximately 15° an hour. Furthermore, a 
conventional two-axis support can be provided to facilitate more precise tracking of the sun. 



Other embodiments 



The foregoing embodiments are described upon the case when reflective elements 16 have fixed 
positions relatively to each other. However, this invention is not only limited to this, but can be 
applied to the case where elements 16 can be rotated around their longitudinal axes and/or 
moved relatively to each other and receiver 24. This can be useful, for example, for 
tracking/following the radiant energy source 20 or adaptation of concentrator 14 to a specific 
shape of receiver 24. 

Referring now to Fig. 5, an additional embodiment of the invention is illustrated. As shown in 
Fig. 5, when apparatus 12 is used to collect and convert solar energy, reflective elements 16 can 
be disposed so that they surround receiver 24 which can be a fluid-carrying, black-painted 
copper tube for converting solar energy to heat. Alternatively, when apparatus 12 is used to 
collect microwaves, for example, receiver 24 can be convex, with a spherical contour, and made 



D 
W 

p of a material suitable for absorbing microwaves. 

Pi 

^ In accordance with other embodiments, angle p is not limited to be less than 90° for all points of 
surfaces 18 and can take values up to 180°, especially for receiver 24 having tubular shape. 
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The foregoing embodiments are described upon the case when concentrator 14 comprises two 
H symmetric arrays of elements 16 disposed at an angle to each other. Referring now to Fig. 6, a 
further modification of the invention is illustrated in which only one array is used (asymmetric 
design). Receiver 24 can be disposed in any rotated position around its longitudinal axis to 
provide optimum illumination by the array of reflective elements 16. Alternatively, reflective 
elements 16 can be organized in two or more arrays that can be tilted, rotated, and positioned 
differently relatively to each other and receiver 24. 

In addition, this invention is not limited to the case where individual concentrated beams 
reflected fro mirrored surfaces 18 of reflecting elements 16 are superimposed and centered 
relatively to each other on receiver 24. Instead, the dimensions, curvatures and relative 
dispositions of elements 16 and surfaces 18 can be varied so that the respective beams can be 
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made partially overlapped, contacting, or spaced apart, for example, to provide uniform 
concentrated energy distribution on receiver-24. 
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There are also various other possibilities with regard to the dimensions, number and relative 
disposition of reflective elements 16, as well as individual curvatures of surfaces 18. In addition, 
one or more individual elements 16 can be selectively added, omitted, changed or replaced in 
concentrator 14 to provide the application-specific operation or desired dimensions. 

As shown in Fig. 6, elements 16 can also comprise one or more tubular members 26 disposed in 
the shadow zones of the corresponding elements and containing circulating heat exchange fluid 
for heat extraction from concentrator 14 and improved energy utilization, and for additional 
structural strength. 



As apparatus 12 can be built so that the concentrated energy beam is extended sufficiently far 
from reflective elements 16, and receiver 24 can be made mechanically separated from 
concentrator 14. By way of example, receiver 24 can be a conveyer band with a drying product. 



Conclusion, Ramifications, and Scope 

Accordingly, the reader will see that the apparatus of this invention can be used to collect and 
convert radiant energy to whatever useful type of energy easily and conveniently utilizing a 
simple but efficient one-stage concentrator coupled to an energy receiver. 

Furthermore, the apparatus for energy collection and concentration has the additional advantages 
in that 

• it allows for significantly better concentration ability as compared to traditional parabolic 
trough-based devices due to reduced aberrations on shorter segments of individual 
reflective elements acting as independent concentrators; 

• it permits the improvement in specular reflectivity of the reflective materials and reduced 
requirements to concentrator's manufacturing tolerances due to implementing skew 
reflection (up to grazing incidence); 
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• it permits downward reflection and placement of the receiver on the concentrator's back 
side, that provides the ultimate operational convenience and virtually-removes the. 

restrictions on target/receiver size, shape and state, which are inherent to most 
conventional devices; 

• it permits the manipulation by individual reflective elements to achieve different 
irradiation regimes for the receiver; 

• it provides better wind and rain withstanding, as well as other constructional advantages, 
due to its non-monolithic structure. 



Although the above description contains many specificities, these should not be construed as 
limiting the scope of the invention but are merely providing illustrations of some of the presently 
preferred embodiments of this invention. While a variety of embodiments have been disclosed, it 
p. will be readily apparent to those skilled in the art that numerous modifications and variations not 
p j mentioned above can still be made without departing from the spirit and scope of the invention. 
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